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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] The present invention relates to a rotary actu-
ator having a rotor which is rotatable relative to a stator.

2. Discussion of Prior Art

�[0002] A rotary actuator has been utilized in associa-
tion with a diverter gate in the sorting of mail or other
items traveling by a conveyor. The rotary actuator is ef-
fective to rotate the diverter gate from one position to
another position within a matter of a few milliseconds,
typically within about 0.020 seconds, so as to permit a
rapid sorting process. The angle of rotation of the diverter
gate is typically about 15° to 20° to move the item of mail
from one conveyor path to another conveyor path.
�[0003] The angle of rotation through which the diverter
gate is moved is limited by rubber stop bumpers. The
rubber stop bumpers are mounted external to the rotary
actuator so as to allow precise adjustment and to mini-
mize impact noise by the diverter gate. At the end of its
operating stroke, the diverter gate may tend to rebound
as it impacts against one of the rubber bumpers.
�[0004] If the diverter gate can rebound back into the
previous conveyor flow path, a missortment or jam may
occur. To prevent a missortment or jam from occurring,
the flow rate of mail or other items must be decreased to
give time for the diverter gate to return to its fully actuated
position. Alternatively, the rate of operation of the rotary
actuator must be decreased to reduce the kinetic energy
of the rotary actuator and diverter gate at an end of stroke
position. Of course, both of these solutions to the problem
of diverter gate rebound are counter to rapid sorting re-
quirements.
�[0005] The rotary actuator for the diverter gate must
provide for both rapid movement of the diverter gate from
an unactuated position to an actuated position and hold-
ing of the diverter gate at its actuated position upon im-
pact of the diverter gate against a rubber bumper. In order
to provide both functions adequately, the starting torque
of the rotary actuator must be high to provide a high di-
verter gate acceleration rate. The ending torque of the
rotary actuator must be high to counteract the rebound
energy imparted by the rubber bumper to the diverter
gate.
�[0006] Known rotary actuators have previously utilized
either one of two basic design approaches. The first basic
design approach utilizes a pole configuration termed as
"constant air gap" for the rotor and stator pole pieces.
The second basic design approach utilizes a pole con-
figuration termed as "diminishing air gap" for the rotor
and stator pole pieces. The air gaps are the working air
gaps across which magnetic flux is conducted between
the rotor and stator pole pieces.

�[0007] The "constant air gap" rotary actuator design is
characterized by a high starting torque that decreases to
a lower torque as the rotary actuator operates through
its operating stroke (it being assumed that a constant
current is applied to the coil of the rotary actuator). The
high starting torque occurs when lobes of the rotor are
only partially overlapping, or aligned with, corresponding
stator lobes. � Typically, there is a 3° overlap of the rotor
lobes and stator lobes at the initial starting position of the
rotor.
�[0008] The maximum torque for the "constant air gap"
rotary actuator design occurs between the initial position
and an overlap position of about 10°. The torque then
steadily drops off for the remainder of the stroke. For a
rapid response, a high starting torque is essential to over-
come inertia of components of the rotary actuator and
diverter gate. However, a rotary actuator of the "constant
air gap" design has a relatively low torque at the end of
its operating stroke. This relatively low torque is insuffi-
cient to prevent rebound of a diverter gate upon impacting
of the diverter gate against a rubber bumper.
�[0009] The "diminishing air gap" rotary actuator design
is characterized by a relatively low starting torque due to
large initial air gaps between the rotor and stator pole
pieces at the beginning of the operating stroke of the
rotary actuator. As the rotor rotates, the air gaps decrease
and the torque steadily rises toward a high ending torque.
Therefore, for a given power level and loading conditions,
the rotary actuators having a "constant air gap" design
will produce a higher starting torque than the rotary ac-
tuators having a "diminishing air gap" design. However,
the "diminishing air gap" rotary actuator design will have
a higher end of stroke torque. Although the "diminishing
air gap" rotary actuator design has the potential to have
a relatively high ending torque, small variations in the
final position of the diminishing air gaps, being in a series
magnetic circuit arrangement, can result in a large vari-
ation in the end of stroke torque of the "diminishing air
gap" rotary actuator design.
�[0010] In the foregoing discussion of the background
of the present invention, the rotary actuators have been
considered in association with a diverter∼ for mail or other
items that are traveling along a conveyor. It should be
understood that rotary actuators have and, in all proba-
bility, will be used in many different environments. For
example, rotary actuators have previously been utilized
to actuate valves which control fluid flow.�
An example of a rotary actuator can be found in
CH659725.�
The present invention provides a hybrid rotary actuator
as defined in claim 1.

SUMMARY OF THE INVENTION

�[0011] An aspect of the present invention provides a
new and improved rotary: actuator having a larger be-
ginning of operating stroke torque than is achieved with
a corresponding "diminishing air gap" rotary actuator de-
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sign and a larger ending of operating stroke torque than
is achieved with a corresponding "constant air gap" rotary
actuator design. This is accomplished by utilizing fea-
tures of both the "constant air gap" rotary actuator design
and the "diminishing air gap" rotary actuator design. Al-
though it is preferred to utilize the improved rotary actu-
ator of the present invention in association with a diverter
for mail or other items, it is contemplated that the im-
proved rotary actuator may be utilized in many different
environments in association with many different types of
devices.
�[0012] A rotary actuator constructed in accordance
with the present invention includes a rotor which is dis-
posed between pole pieces of a stator. The rotor is ro-
tatable relative to the stator between an unactuated po-
sition and an actuated position.
�[0013] A first stator surface on a first pole piece of the
stator faces toward and is spaced from a first rotor surface
on the rotor by a first working air gap. The first stator
surface and the first rotor surface are spaced apart by
the same distance when the rotor is in the unactuated
position as when the rotor is in the actuated position.
Therefore, the axial extent of the working air gap between
the first stator surface and the first rotor surface remains
constant during rotation of the rotor between the unac-
tuated and actuated positions.
�[0014] A second stator surface on a second pole piece
of the stator faces toward and is spaced from a second
rotor surface on the rotor by a second working air gap.
The second stator surface and the second rotor surface
are spaced apart by a smaller distance when the rotor is
in the actuated position than when the rotor is in the un-
actuated position. Therefore, the axial extent of the sec-
ond working air gap decreases during rotation of the rotor
between the unactuated and actuated positions.
�[0015] According to the present invention, the config-
uration of the stator lobes are such that they do not gen-
erate any substantial axial force on the rotor shaft. Thus,
in one force-�balanced embodiment, on a first lobe, the
upper surface has a variable spacing configuration and
the lower surface has a fixed spacing configuration, and
a rotationally adjacent lobe has the lower surface with a
variable spacing configuration and the upper surface with
a fixed spacing configuration, with the lobe configurations
alternating around the rotor. In a preferred force balanced
embodiment, each lobe is symmetrical about its plane of
rotation between the actuated and unactuated positions
although lobe configuration may differ between different
lobes. At least one lobe has a variable spacing configu-
ration on its upper and lower surfaces and at least one
lobe has a constant spacing configuration on its upper
and lower surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0016] The foregoing and other features of the present
invention will become apparent to one skilled in the art
to which the present invention relates upon consideration

of the following description of the invention with reference
to the accompanying drawings wherein:
�[0017] Figure 1 is a simplified side elevational view il-
lustrating a rotary actuator constructed in accordance
with the present invention in association with a diverter
gate;
�[0018] Figure 2 is a plan view, taken generally along
the line 2-2 of Fig. 1, further illustrating the relationship
of the rotary actuator to the diverter gate;
�[0019] Figure 3 is a broken away simplified schematic
illustration depicting the relationship of a rotor to a stator
in the rotary actuator of Figs. 1 and 2;
�[0020] Figure 4 is an enlarged schematic fragmentary
view further illustrating the relationship of the rotor to the
stator in the rotary actuator of Fig. 3, the rotor being
shown in an unactuated or starting position;
�[0021] Figure 5 is a schematic fragmentary view, gen-
erally similar to Fig. 4, illustrating the relationship be-
tween the rotor and the stator in an actuated or end of
stroke position;
�[0022] Figure 6 is an illustrative graph comparing a rep-
resentation of a typical output torque of the rotary actuator
of Figures 3-5 and 8 to representations of typical output
torques of a "constant air gap," "diminishing air gap," "hy-
brid air gap" (force un-�balanced and balanced) rotary ac-
tuators;
�[0023] Figure 7 is a simplified pictorial illustration of a
rotor for a second embodiment of the rotary actuator;
�[0024] Figure 8 is a broken away simplified schematic
illustration depicting the relationship of a rotor to a stator
in a force-�balanced embodiment of the present invention;
and
�[0025] Figures 9a to 9c are comparison side views of
the stator/ �rotor interrelationship in force-�unbalanced
(Fig. 9a) and force- �balanced (Figs. 9b & 9c) versions of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

�[0026] Diverter Assembly
�[0027] A diverter assembly 10 is illustrated in Figures
1 and 2. The diverter assembly 10 is adapted to be utilized
in conjunction with a conveyor which moves articles, such
as mail. The diverter assembly 10 includes a gate 12
which is rotatable relative to a base by an improved rotary
actuator 16 constructed in accordance with the present
invention.
�[0028] The rotary actuator 16 is operable to pivot the
gate 12 in a clockwise direction, as viewed in Figure 1,
about a central axis 18 (Figure 2) of the rotary actuator.
The rotary actuator 16 has an output shaft 20 which ex-
tends in opposite directions from the rotary actuator 16
and is fixedly connected with the gate 12. A helical coil
biasing spring 24 is effective to urge the gate 12 and the
rotary actuator output shaft 20 to an unactuated position
when the rotary actuator 16 is in a de-�energized condi-
tion. Electrical energy is conducted to the rotary actuator
16 through electrical conductor 28 (Figures 1 and 2).
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�[0029] When the rotary actuator 16 is in a de-�energized
condition, the biasing spring 24 is effective to firmly press
the gate 12 against a rubber stop bumper (not shown).
By adjusting the position of the rubber stop bumper, the
unactuated position of the gate 12 can be accurately ad-
justed relative to a conveyor conducting mail or other
articles at a high speed.
�[0030] When the diverter assembly 10 is to be operat-
ed to divert one or more articles, such as mail, from one
conveyor path to another conveyor path, the rotary ac-
tuator 16 is operated from the unactuated condition to
the actuated condition under the influence of electrical
energy conducted through the conductor 28. As this oc-
curs, the gate 12 pivots through approximately twenty
degrees in a clockwise direction (as viewed in Figure 1)
about the axis 18 (Figure 2). The biasing spring 24 is
resiliently extended as the gate 12 is pivoted by the rotary
actuator.
�[0031] When the gate 12 is moved to its operated or
divert position, the gate engages a second rubber bump-
er to limit movement of the gate 12 relative to the base
14. As long as the rotary actuator 16 remains energized,
the output shaft 20 of the rotary actuator 16 remains sta-
tionary and the gate 12 remains in its divert position
against the second rubber stop.
�[0032] When the rotary actuator 16 is de- �energized,
the biasing spring 24 immediately pulls the rotary gate
from its divert position back to the initial position illustrat-
ed in Figure 1. As this occurs, the gate 24 moves out of
engagement with the second rubber bumper and moves
into engagement with the first rubber bumper. The bias-
ing spring 24 is effective to hold the gate 12 in engage-
ment with the first rubber bumper as long as the rotary
actuator 16 is in a de-�energized condition. Although the
illustrated biasing spring 24 is a helical coil biasing spring,
a different type of biasing spring could be utilized if de-
sired. For example, a spiral spring could be utilized. Al-
ternatively, a leaf spring could be utilized.
�[0033] Mail or other articles being conducted by the
conveyor are moving at a relatively high speed. There-
fore, the gate 12 must be quickly pivoted from its initial
position to its divert position by operation of the rotary
actuator 16. When the gate 12 reaches its divert position,
the torque transmitted from the rotary actuator 16 to the
gate 12 must be sufficient to prevent rebound of the gate
12 from the rubber bumper back toward its initial position.
�[0034] The torque output of the rotary actuator 16 to
the gate 12 must be relatively high when the rotary ac-
tuator is initially energized. This relatively high initial
torque is required in order to overcome the inertia of com-
ponents of the rotary actuator 16 and the gate 12. The
gate 12 must be moved quickly to its actuated or divert
position in order to properly sort the mail and to prevent
jamming of the flow of mail.
�[0035] When the gate 12 reaches its actuated or divert
position, the torque output from the rotary actuator 16
must be sufficient to prevent rebounding of the gate 12.
To do this, the end of operating stroke output torque from

the rotary actuator 16 must be sufficient to offset the ki-
netic energy absorbed and stored as potential energy by
the rubber bumper. Thus, the rotary actuator 16 must
have both a relatively high initial output torque and a rel-
atively high end of stroke output torque in order to effect
the desired movement of the gate 12.
�[0036] In the foregoing description, the rotary actuator
16 has been described as being utilized in association
with a gate 12 which rotates through approximately twen-
ty degrees to divert articles being moved by a conveyor.
It is contemplated that the rotary actuator 16 will be uti-
lized in many different environments in association with
many different devices other than diverter assemblies. It
is contemplated that the rotary actuator 16 may be op-
erated through an operating stroke which is either greater
than or less than twenty degrees.
�[0037] In the illustrated embodiments of the invention,
it is preferred to utilize the biasing spring 24 to move the
gate 12 from its divert position back to its initial position.
However, the gate 12 could be moved back to its initial
position in other ways if desired. For example, a second
rotary actuator could be connected with the gate 12.
�[0038] Hybrid Rotary Actuator - First Embodiment
�[0039] The rotary actuator 16 (Figure 3) includes a cy-
lindrical housing 34 which is formed of a magnetically
conductive material. A cylindrical coil 36 is disposed with-
in the housing 34. A magnetizable stator 40 is fixedly
connected with the housing 34. The stator 40 includes
an upper pole piece 42 and a lower pole piece 44. A
magnetizable rotor 48 is disposed between the upper
and lower pole pieces 42 and 44.
�[0040] Upon electrical energization of the coil 36, the
stator 40 and rotor 48 are both magnetized by magnetic
flux emanating from the coil. The magnetic flux from the
coil 36 is effective to cause the rotor 48 and output shaft
20 to be rotated in the direction of the arrows 52 relative
to the stator 40 and housing 34. As this occurs, the rotor
48 rotates through an operating stroke of approximately
twenty degrees relative to the stator 40. Rotation of the
rotor 48 causes the output shaft 20 to rotate in a clockwise
direction (as viewed in Fig. 3). This rotates the gate 12
(Figure 1) through approximately twenty degrees, from
its initial position to its divert position.
�[0041] In the specific embodiment of the rotary actua-
tor 16 illustrated in Figure 3, the rotor 48 rotates through
an operating stroke of approximately twenty degrees. It
should be understood that the rotary actuator 16 may be
constructed so as to have the rotor 48 rotate through an
operating stroke which is either greater than or less than
twenty degrees. The configurations of the stator 40 and
rotor 48 could be reversed from the illustrated configu-
rations to reverse the direction of actuation of the rotary
actuator 16.
�[0042] The housing 34 is formed of a magnetizable
material, such as iron. This enables the housing to con-
duct magnetic flux emanating from the coil 36. The hous-
ing 34 includes a cylindrical side wall 56 (Figure 3). Cir-
cular upper and lower end plates 58 and 60 are fixedly
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connected with the side wall 56.
�[0043] The side wall 56 and end plates 58 and 60 are
formed of a magnetic flux conducting material, such as
iron. The coil 36 is disposed within the housing 34 and
has a cylindrical configuration. The cylindrical coil 36 is
disposed in engagement with the side wall 56 and the
end walls 58 and 60 of the housing. The cylindrical coil
36 has a central axis which is coincident with the central
axis 18 of the output shaft 20. The coil 36 extends around
and encloses the stator 40 and the rotor 48.
�[0044] Upon energization of the coil 36, the coil gen-
erates an elongated toroidal electromagnetic flux field
which extends upward through the side wall 56 to the
upper end plate 58 of the housing 34. The magnetic flux
flows downward from the upper end plate 58 of the hous-
ing to the upper pole piece 42. The magnetic flux then
flows through an upper working air gap 64 to the rotor
48. The magnetic flux then flows from the rotor 48 through
a lower working air gap 66 to the lower pole piece 44.
The magnetic flux flows from the lower pole piece 44
through the lower end plate 60 to the side wall 56 of the
housing 34 to complete the circuitous flux flow path.
�[0045] The magnetic flux from the coil 36 magnetizes
the upper pole piece 42. A south pole of the upper pole
piece 42 is adjacent to the upper end plate 58 of the
housing 34 and a north pole of the upper pole piece is
adjacent to the upper working air gap 64. The magnetic
flux from the coil 36 magnetizes the rotor 48. A south
pole of the rotor 48 is adjacent to the upper working air
gap 64 and a north pole of the rotor is adjacent to the
lower working air gap 66. The magnetic flux from the coil
36 magnetizes the lower pole piece 44. A south pole of
the lower pole piece 44 is adjacent to the lower working
air gap 66 and a north pole of the lower pole piece 44 is
adjacent to the lower end plate 60. Of course, the fore-
going polarities would be reversed if the direction of flow
of current through the coil was reversed.
�[0046] The output shaft 20 and rotor 48 are held
against movement along the central axis 18 of the output
shaft. However, the rotor 48 and output shaft 20 are freely
rotatable about the axis 18. The rotor 48 is held against
axial movement by means of retaining rings that bear
against the inner races of shaft bearings.
�[0047] The retaining rings maintain a preset clearance
for the air gaps described previously. Alternative meth-
ods for axial retainment include interference fitting of the
shaft to the bearings, bonding the shaft to the inner race
of the bearings, or other additional components internal
to the actuator. However, the rotor 48 is rotatable under
the influence of the magnetic flux conducted across the
upper and lower working air gaps 64 and 66.
�[0048] The output shaft 20 and rotor 48 are rotated
together in the direction of the arrows 52 in Figure 3 under
the influence of the magnetic flux conducted across the
upper and lower working air gaps 64 and 66 between the
rotor and stator pole pieces 42 and 44. The rotor 48 and
stator pole pieces 42 and 44 are formed of magnetizable
material, such as iron. The output shaft 20 is formed of

a nonmagnetic material, such as aluminum or 300 series
stainless steel, to minimize magnetic flux losses.
�[0049] In the illustrated embodiment of the invention,
the rotor 48 is formed with three identical lobes or arms
70 which are fixedly connected with and extend radially
outward from the output shaft 20. Each of the lobes 70
of the rotor 48 has a south pole adjacent to the upper (as
viewed in Figure 3) working air gap 64 and a north pole
adjacent to the lower working air gap 66 when the coil
36 is energized. Of course, the polarities of the lobes 70
of the rotor 48 would be reversed if the direction of flow
of the current through the coil 36 was reverse.
�[0050] The lobes or arms 70 of the rotor 48 are inte-
grally formed as one piece. The lobes or arms 70 are
equally spaced from each other in a circular array about
the output shaft 20. The lobes 70 of the rotor 48 are in-
terconnected by a hub which is integrally formed as one
piece with the lobes and is fixedly connected to the output
shaft 20.
�[0051] The upper pole piece 42 is integrally formed as
one piece and includes three identical lobes or sections
74 which extend axially downward (as viewed in Figure
3) from the upper end plate 58 toward the rotor 48. The
lobes or sections 74 of the upper pole piece 42 are inte-
grally formed as one piece with a cylindrical base 76 of
the upper pole piece. The base 76 of the upper pole piece
has a cylindrical opening through which the output shaft
20 extends. The base 76 of the upper pole piece 42 has
a central axis which is coincident with the axis 18 of the
output shaft 20. The three identical lobes or sections 74
of the upper pole piece 42 are equally spaced apart in a
circular array about the axis 18.
�[0052] The lower pole piece 44 of the stator 40 has
three identical lobes or sections 80 which are integrally
formed as one piece with a cylindrical base 82 of the
lower pole piece 44. The base 82 of the lower pole piece
44 has a cylindrical configuration and is disposed in a
coaxial relationship with the output shaft 20. The lower
pole piece 44 has a cylindrical central opening through
which the output shaft 20 extends. The lobes or sections
80 of the lower pole piece 44 are spaced equal distances
apart in a circular array about the central axis 18. The
lobes or sections 80 on the lower pole piece 44 are axially
aligned with the lobes or sections 74 on the upper pole
piece 42.
�[0053] The rotor 48 and output shaft 20 are held
against movement along the axis 18 by suitable bearings
(not shown) connected with the end plates 58 and 60 of
the housing 34. However, the rotor 48 and output shaft
20 are freely rotatable about the axis 18. Therefore, when
the coil 36 is energized and the upper and lower pole
pieces 42 and 44 of the stator 40 are magnetized, the
rotor 48 can rotate relative to the stator 40. Regardless
of the direction in which current is conducted through the
coil 36, the resulting magnetic field effects rotation of the
rotor 48 in the direction of the arrows 52 in Figure 3.
�[0054] The rotor 48 and output shaft are rotated in the
direction opposite to the arrows 52 under the influence
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of the biasing spring 24 (Figures 1 and 2) when the coil
36 is de- �energized. The biasing spring 24 may be en-
closed within the housing 34. Whether the biasing spring
24 is inside or outside of the housing 34, the biasing
spring may have a construction other than the illustrated
helical construction. In order to minimize cost, it is pre-
ferred to utilize just the biasing spring 24 to reverse the
rotation of the rotor 48.
�[0055] Working Air Gaps
�[0056] In accordance with one aspect of the present
invention, the axial extent of the upper working air gap
64 decreases in size and the axial extent of the lower
working air gap 66 remains constant in size during rota-
tion of the rotor 48 in the direction indicated by the arrows
52 in Figure 5. Thus, when the rotor 48 is in the initial or
unactuated position of Figure 4, the axial extent of the
upper working air gap 64 is relatively large. Upon rotation
of the rotor 48 to the actuated position of Figure 5, the
axial extent of the upper working air gap 64 is relatively
small. During rotation of the rotor 48 from the unactuated
position of Figure 4 to the actuated position of Figure 5,
the axial extent of the lower working air gap 66 remains
constant. The combination of the diminishing upper work-
ing air gap 64 and constant lower working air gap 66
results in the rotary actuator 16 having a relatively high
starting or initial torque, compared to a "diminishing air
gap" type of rotary actuator, and a relatively large ending
torque, compared to a "constant air gap" type rotary ac-
tuator.
�[0057] The upper working air gap 64 is the space
across which magnetic flux is conducted from the upper
pole piece 42 to the rotor 48 to effect rotation of the rotor
in the direction of the arrow 52 in Figure 4. Similarly, the
lower working air gap 66 is the space across which mag-
netic flux is conducted between the rotor 48 and lower
pole piece 44 to effect rotation of the rotor in the direction
of the arrow 52 in Figure 4.
�[0058] In order to optimize the operating characteris-
tics of the rotary actuator 16, the axial extent of the upper
working air gap 64 diminishes in size as the rotor 48
moves from the unactuated position illustrated in Figure
4 to the actuated position illustrated in Figure 5. This re-
sults in the rotary actuator 16 having a relatively high end
of stroke torque to hold the rotor 48 against rebound when
the rotary actuator 16 is operated to its actuated condi-
tion. The axial extent of the lower working air gap 66
remains constant as the rotor 48 moves from the unac-
tuated position of Figure 4 to the actuated position of
Figure 5. This results in the rotary actuator 16 having a
relatively large initial torque to overcome inertia of com-
ponents of the rotary actuator and any devices connected
with the rotary actuator. The upper working air gap 64
(Figure 4) is formed between downwardly facing side sur-
face 90 on the lobe or section 74 of the upper pole piece
42 and an upwardly facing side surface 92 on the lobe
or arm 70 of the rotor 48. It should be understood that
working air gaps, corresponding to working air gap 64,
are formed between each of the lobes or arms 70 on the

rotor 48 and each of the lobes or sections 74 on the upper
pole piece 42.
�[0059] The downwardly facing side surface 90 on the
lobe or section 74 of the upper pole piece 42 is skewed
at an acute angle to a plane extending perpendicular to
the coincident central axes of the upper pole piece 42
and rotor 48. Similarly, the upwardly facing side surface
92 on the lobe or arm 70 of the rotor 48 is skewed relative
to the plane extending perpendicular to the coincident
central axes of the upper pole piece 42 and rotor 48. The
downwardly facing stator side surface 90 and upwardly
facing rotor side surface 92 extend parallel to each other
when the rotor 48 is in the actuated position of Figure 5.
�[0060] The upper working air gap 64 diminishes from
the relatively large axial extent illustrated in Figure 4 to
the relatively small axial extent illustrated in Figure 5.
Although the upper working air gap 64 diminishes in size,
the surfaces 90 and 92 do not engage each other when
the rotor 48 is in the actuated position of Figure 5 due to
the external rubber bumpers. Thus, there is a relatively
large distance between the upwardly facing side surface
92 on the rotor 48 and the downwardly facing rotor side
surface 90, as measured perpendicular to the parallel
side surfaces, when the rotor is in the unactuated position
of Figure 4. When the rotor 48 is in the actuated position
of Figure 5, there is a relatively small distance between
the rotor side surface 92 and stator side surface 90, as
measured perpendicular to the side surfaces. The dimin-
ishing size of the upper working air gap 64 as the rotor
48 moves from the unactuated position of Figure 4 to the
actuated position of Figure 5 increases the magnitude of
the magnetic flux force urging the rotor 48 to rotate in the
direction of the arrows 52 as the upper working air gap
64 diminishes.
�[0061] The downwardly facing side surface 90 (Figure
4) on the lobe or section 74 of the upper pole piece 42
has an arcuate configuration. In the illustrated embodi-
ment of the invention, the surface 90 is formed as a por-
tion of a helix which extends around the central axis 18
(Figure 3) of the rotary actuator 16. Similarly, the upward-
ly facing side surface 92 (Figure 4) on the lobe or arm 70
of the rotor 48 has an arcuate configuration. In the illus-
trated embodiment of the invention, the surface 92 is
formed as a portion of a helix which extends around the
central axis 18 (Figure 3) of the rotary actuator 16. The
surfaces 90 and 92 (Figure 4) have the same configura-
tion and are parallel to each other when the rotor 48 is
in the actuated position of Figure 5.
�[0062] The downwardly facing side surface 90 on the
lobe or section 74 of the upper pole piece 42 and the
upwardly facing side surface 92 on the lobe or arm 70 of
the rotor 48 may have a configuration which is different
than the configuration illustrated in Figure 4. For exam-
ple, the surfaces 90 and 92 may be flat parallel surfaces.
�[0063] The lower working air gap 66 (Figure 4) is
formed between a downwardly facing side surface 96 on
the rotor 48 and an upwardly facing side surface 98 on
the lobe or section 80 of the lower pole piece 44. The
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downwardly facing rotor side surface 96 and upwardly
facing stator side surface 98 are disposed in parallel
planes which extend perpendicular to the central axis 18
of the rotor 48.
�[0064] When the rotor 48 is in the unactuated position
of Figure 4 and when the rotor 48 is in the actuated po-
sition of Figure 5, the distance between the rotor side
surface 96 and the stator side surface 98, as measured
perpendicular to the rotor and stator side surfaces, is the
same. Therefore, as the rotor 48 moves from the unac-
tuated position to the actuated position, the size of the
lower working gap 66 remains constant, as measured in
a direction perpendicular to the rotor side surface 96 and
stator side surface 98.
�[0065] When the rotor 48 is in the unactuated position
of Fig. 4, the distance between the downwardly facing
side surface 90 on the stator lobe or section 74 and the
upwardly facing side surface 92 on the rotor 48, as meas-
ured perpendicular to these surfaces, is greater than the
distance between the downwardly facing side surface 96
on the rotor and the upwardly facing side surface 98 on
the stator lobe or section 80. As the rotor 48 moves from
the unactuated position of Figure 4 to the actuated posi-
tion of Figure 5, the distance between the stator side
surface 90 and rotor side surface 92 across the upper
working air gap 64 decreases. However, the distance
between the downwardly facing rotor side surface 96 and
the upwardly facing stator side surface 98 across the
lower working air gap 66 remains constant. This results
in the rotary actuator 16 having operating characteristics
which are a combination of the operating characteristics
of a "constant air gap" design rotary actuator and a "di-
minishing air gap" design rotary actuator.
�[0066] The lobe or arm 70 of the rotor 48 has an arcuate
outer side surface 104. The arcuate outer side surface
104 is formed as a portion of a cylinder having a central
axis coincident with the central axis 18 of the rotary ac-
tuator 16. Similarly, the upper and lower pole pieces 42
and 44 of the stator 40 have arcuate outer side surfaces
106 and 108. The stator pole piece side surfaces 106
and 108 are formed as a portion of a cylinder. The diam-
eter of the stator pole piece surfaces 106 and 108 may
be slightly greater than the diameter of the rotor side sur-
face 104 to provide clearance between the rotor 48 and
the coil 36.
�[0067] The upwardly facing side surface 92 on the lobe
or arm 70 of the rotor 48 slopes upward (as viewed in
Fig. 4) toward the upper pole piece 42. This results in the
lobe or arm 70 of the rotor 48 having a wedge or ramp-
shaped configuration. The lobe or arm 70 of the rotor has
a rectangular leading end surface 100 which is smaller
than a rectangular trailing end surface 102.
�[0068] The downwardly facing side surface 96 on the
lobe or arm 70 extends perpendicular to the leading and
trailing end surfaces 100 and 102. The leading and trail-
ing end surfaces 100 and 102 are skewed relative to each
other in a direction toward the central axis of the rotor 48.
�[0069] The manner in which the output torque of the

rotary actuator 16 varies with movement of the rotor 48
through an operating stroke from the unactuated position
of Figure 4 to the actuated position of Figure 5 is illus-
trated by a solid line curve 110 in Figure 6. The manner
in which the output torque of a "constant air gap" design
rotary actuator varies with an operating stroke of the rotor
is indicated by a large dash curve designated 112 in Fig-
ure 6. The manner in which the output torque of a "di-
minishing air gap" design rotary actuator changes during
an operating stroke is indicated by a small dash curve
114 in Figure 6.
�[0070] It is desirable to have a relatively large output
torque from the rotary actuator 16 at the beginning of its
operating stroke and at the end of its operating stroke.
From Figure 6, it is apparent that the initial output torque
of the rotary actuator 16, as indicated by the curve 110,
is greater than the initial output torque of the "diminishing
air gap" type rotary actuator, as indicated by the curve
114. However, the initial torque of the rotary actuator 16
is less than the initial torque of the "constant air gap" type
rotary actuator, as indicated by the curve 112 in Figure
6. This will result in the rotary actuator 16 being better
able to overcome the inertia of components of the rotary
actuator and devices connected with the rotary actuator
16 at the beginning of an operating stroke than with the
"diminishing air gap" type rotary actuator.
�[0071] The torque of the rotary actuator 16 at the end
of its operating stroke, indicated by the curve 110 in Fig-
ure 6, is substantially greater than the end of operating
stroke torque of the "constant air gap" rotary actuator
having the characteristics indicated by the curve 112 in
Figure 6. The rotary actuator 16 may also have an end
of operating stroke torque which is less than the end of
stroke torque of the "diminishing air gap" rotary actuator.
However, the end of operating stroke torque of the "di-
minishing air gap" design may not exceed the end of
operating stroke torque of the actuator 16 by as much as
is indicated by the curves 110 and 114 in Figure 6. This
is because the end of stroke position of the rotary actuator
16 can be more accurately adjusted than the end of stroke
position of known "diminishing air gap" rotary actuators.
�[0072] The known "diminishing air gap" rotary actua-
tors have rotors with sloping or ramped- �shaped surfaces
on both sides of the rotor. This makes adjustment of the
end of stroke position more difficult than with the rotary
actuator 16. This is because there are two air gaps, cor-
responding to the air gaps 64 in Figure 4, which diminish
in size as the rotor rotates through its operating stroke.
By having one of the air gaps of constant size, that is,
the lower working air gap 66, the rotary actuator 16 can
be more easily adjusted than a rotary actuator having
two diminishing size air gaps.
�[0073] In the embodiment of the invention illustrated
in Figures 1-5, the rotor has three lobes or arms 70 which
extend radially outward from the rotor. In the embodiment
of the rotor illustrated in Figure 7, the rotor has four arms
or lobes. Since the embodiment of the rotor illustrated in
Figure 7 is generally similar to the embodiment of the
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rotor illustrated in Figures 1-5, similar numerals will be
utilized to designate similar components, the suffix letter
"a" being associated with the numerals of Figure 7 to
avoid confusion.
�[0074] The rotor 48a is provided with four lobes or arms
70a. Each of the lobes or arms 70a has the same con-
struction and is connected with a central hub 130. The
four lobes or arms 70a and hub 130 are integrally formed
as one piece of magnetizable material.
�[0075] The rotor arm 70a has a leading end surface
100a with a flat rectangular configuration and a trailing
end surface 102a with a flat rectangular configuration. In
addition, the rotor arm 70a has an upwardly facing side
surface 92a with an arcuate configuration. The rotor arm
70a has a flat downwardly facing side surface 96a.
�[0076] The rotor 48a cooperates with a stator, corre-
sponding to the stator 40 of Figure 4. However, the stator
with which the rotor 48a cooperates has upper and lower
pole pieces with four lobes or sections rather than three
lobes or sections. Thus, the rotor 48a cooperates with
an upper pole piece having four lobes with downwardly
facing arcuate side surfaces, corresponding to the down-
wardly facing side surfaces 90 on the lobes or sections
74 of the upper pole piece 42 of Figure 4. Similarly, the
stator which cooperates with the rotor 48a has a lower
pole piece, corresponding to the pole piece 44 of Figure
4, with four lobes or sections with flat upwardly facing
side surfaces, corresponding to the side surface 98 of
Figure 4.
�[0077] Hybrid Rotory Actuator - Second Embodi-
ment
�[0078] In addition to changing the number of lobes of
the rotor and stator combination, there are further varia-
tions on the hybrid rotary actuator that are significant. It
will be appreciated that the hybrid rotary actuators shown
in Figures 3 & 7 have a horizontal pole and rotor surfaces
which are closely spaced and therefore provide a low
reluctance airgap as compared to the angled or helical
pole and rotor surfaces which have a high reluctance
airgap, at least at the beginning of the stroke. This vari-
ation in reluctance at the airgaps provides a variation in
force (not only in amplitude of force but the application
direction of the force) which in turn is applied to the shaft
of the rotor. To the extent that the axial components of
the forces applied to the shaft are not equal, they will
generate a net axial component.
�[0079] The shaft, as noted above , is constrained
against any axial movement but free for rotational move-
ment between the actuated and unactuated positions.
However, the net force difference would tend to try to
move the shaft axially as well, providing an additional
load on the actuator bearings and possibly resulting in
undue wear on the actuator bearings.
�[0080] Figure 8 illustrates a force-�balanced hybrid ro-
tary actuator which does not present force differences
on the rotor shaft. Each of the lobes of the rotor generates
a symmetrical rotational force (while the rotational force
components add, the axial components cancel each oth-

er) having little or no axial component. As a result of all
rotor lobes being essentially force balanced, there is pri-
marily only a rotational force applied to the shaft which
eliminates or at least substantially reduces axial load
wear on the actuator shaft bearings.
�[0081] Figures 9a through 9c compare the rotor/�stator
configuration of non-�force balanced hybrid rotary actua-
tor of Figures 3 and 7 (shown in Figure 9a) to force- �bal-
anced hybrid rotary actuators (Figure 9b corresponds to
the rotor/�stator configuration of Figure 8 and Figure 9c
is a further embodiment). If the force-�balanced hybrid
shown in Figures 9a through 9c have a similar number
of angled or helical pole surfaces, they will have similar
torque/�stroke curves (regardless of whether they are
force balanced or un-�balanced. It can be seen that all
three embodiments have the same number of angled or
helical surfaces and the same number of flat surfaces.
Thus the curve 110 for a hybrid would be applicable for
either the force balanced (Figures 9b & 9c) or force un-
balanced (Figure 9a) hybrids.
�[0082] As will be apparent, to obtain the benefit of the
force- �balanced rotor concept, one must only insure that,
after the force components for all of the rotor lobes are
summed, the net resultant force in the axial direction is
as low as possible. The desired zero net axial force com-
ponent is achieved in the Figure 8 embodiment by having
rotor lobes (and adjacent stator pole pieces) which alter-
nate between those having surfaces parallel to the direc-
tion of rotation and those having surfaces inclined to the
direction of rotation.
�[0083] However, if the desired stroke/�torque charac-
teristics of the force balanced hybrid are desired to be
closer to those of the "constant airgap" rotary actuator
(as shown in Figure 6, i.e., with higher starting torque
with lower ending torque), more parallel surface lobes
and less inclined surface lobes could be employed. Sim-
ilarly, more inclined surface lobes and less parallel sur-
face lobes could be used if a lower starting torque and
higher ending torque similar to the "diminished airgap"
rotary actuator were desired.
�[0084] In order to substantially balance the axial forc-
es, as long as the same number of inclined surfaces are
used on the top and bottom of the rotor, the axial force
components will effectively cancel each other resulting
in a force- �balanced rotor. It will be seen that each of the
configurations shown in Figures 9b and 9c meet this re-
quirement. Additionally, combinations of the stator and
rotor components shown in Figures 9b and 9c could be
combined to provide force balanced rotors with different
starting and ending torque effects.
�[0085] Conclusion
�[0086] In view of the foregoing description, it is clear
that a: rotary actuator constructed in accordance with an
aspect of the present invention has a larger beginning of
operating stroke torque than is achieved with a corre-
sponding "diminishing air gap" rotary actuator design and
a larger ending of operating stroke torque than is
achieved with a corresponding "constant air gap" rotary
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actuator design. This is accomplished by utilizing fea-
tures of both the "constant air gap" rotary actuator design
and the "diminishing air gap" rotary actuator design. Al-
though it is preferred to utilize the improved rotary actu-
ator 16 of the present invention in association with a di-
verter 12 for mail or other items, it is contemplated that
the improved rotary actuator may be utilized in many dif-
ferent environments in association with many different
types of devices.
�[0087] A rotary actuator 16 constructed in accordance
with an aspect of the present invention includes a rotor
48 which is disposed between pole pieces 42 and 44 of
a stator 40. The rotor 48 is rotatable relative to the stator
40 between an unactuated position (Figure 4) and an
actuated position (Figure 5)
�[0088] A first stator surface 98 on a first pole piece 44
of the stator 40 faces toward and is spaced from a first
rotor surface 96 on the rotor 48 by a first working air gap
66. The first stator surface 98 and the first rotor surface
96 are spaced apart by the same distance when the rotor
is in the unactuated position (Fig. 4) as when the rotor is
in the actuated position (Figure 5). Therefore, the axial
extent of the working air gap 66 between the first stator
surface 98 and the first rotor surface 96 remains constant
during rotation of the rotor 48 between the unactuated
and actuated positions.
�[0089] A second stator surface 90 on a second pole
piece 42 of the stator 40 faces toward and is spaced from
a second rotor surface 92 on the rotor 48 by a second
working air gap 64. The second stator surface 90 and
the second rotor surface 92 are spaced apart by a smaller
distance when the rotor 48 is in the actuated position
(Figure 5) than when the rotor is in the unactuated posi-
tion (Figure 4). Therefore, the axial extent of the second
working air gap 64 decreases during rotation of the rotor
48 between the unactuated and actuated positions.
�[0090] In order to reduce wear on the actuator rotor
mounting bearings, various rotor designs (symmetric or
asymmetric) resulting in reduced or eliminated axial force
components could be used, such as the force balanced
rotors described above.

Claims

1. A hybrid rotary actuator, said actuator comprising:�

a stator (40) having at least first and second pole
pieces (42, 44) each having at least two axially
extending lobes (74, 80);
at least one rotor (48) disposed between said at
least first and second pole pieces (42,44) of said
stator, said at least one rotor (48) being rotatable
relative to said stator (40) between an unactu-
ated position and an actuated position, said at
least one rotor (48) having at least two rotor
lobes (70) generally disposed between corre-
sponding said axially extending stator lobes (74,

80) on each of said at least first and second sta-
tor pole pieces (42, 44), each rotor lobe (70) hav-
ing upper and lower surfaces (92, 96) spaced
apart from corresponding surfaces (90, 98) on
said corresponding stator lobes (74,80) of said
at least first and second pole pieces of said stator
(40);
said respective rotor lobe and stator lobe sur-
faces defining one of two possible configura-
tions, each of said configurations comprising
one of a fixed and variable rotor/ �stator surface
spacing during rotation of said rotor (48); and
a coil (36) which extends around at least a por-
tion of said stator (40), said coil (36) being en-
ergizable to provide magnetic flux which passes
between said first and second stator pole piece
(42, 44) and through said rotor (48) during at
least a portion of the rotation of said rotor be-
tween the unactuated position and the actuated
position where at least one rotor lobe upper sur-
face (92) has a variable rotor/�stator surface
spacing (64) and at least one rotor lobe lower
surface (96) has a variable rotor/�stator surface
spacing (66).

2. A hybrid rotary actuator according to claim 1, char-
acterized in that the fixed rotor/ �stator surface spac-
ing (66) is on only one of the upper and lower sur-
faces of said at least two rotor lobes (70).

3. A hybrid rotary actuator according to claim 2, char-
acterized in that the fixed rotor/ �stator surface spac-
ing (66) is on both the upper and lower surfaces of
at least one of said at least two rotor lobes (70).

4. A hybrid rotary actuator according to claim 3, char-
acterized in that the fixed rotor/ �stator surface spac-
ing (66) is on one of the upper surface of at least one
of said at least two rotor lobes (70) and is on one of
the lower surface of at least one of said at least two
rotor lobes (70).

5. A hybrid rotary actuator according to claim 4, char-
acterized in that the fixed rotor/ �stator surface spac-
ing (66) is on the upper and lower surface of at least
one of said at least two rotor lobes (70).

6. A hybrid rotary actuator according to claim 4, wherein
the fixed rotor/�stator surface spacing (66) is on the
upper surface of at least one of said at least two rotor
lobes (70) and is on one of the lower surface of an
adjacent one of said at least two rotor lobes (70).

7. A hybrid rotary actuator according to claim 1 further
including a housing (34), said coil (36) and said at
least one rotor (48) is disposed within said housing
(34), said housing (34), said stator (40) and said at
least one rotor (48) forming a generally toroidal mag-
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netic circuit around said coil (36).

8. A hybrid rotary actuator according to claim 7, further
including a shaft (20) upon which said rotor (48) is
mounted for rotation therewith, wherein said housing
(34) includes a cylindrical housing portion (56) and
two endcap portions (58,60), each of said endcap
portions mounting a respective pole piece (40,42).

9. A hybrid rotary actuator according to claim 8, wherein
the fixed rotor/�stator surface spacing (66) is on only
one of the upper and lower surfaces of said at least
two rotor lobes (70).

10. A hybrid rotary actuator according to claim 8, wherein
the fixed rotor/�stator surface spacing (66) is on both
the upper and lower surfaces of at least one of said
at least two rotor lobes (70).

11. A hybrid rotary actuator according to claim 8, wherein
the fixed rotor/�stator surface spacing (66) is on one
of the upper surface of at least one of said at least
two rotor lobes (70) and is on one of the lower surface
of at least one of said at least two rotor lobes (70).

12. A hybrid rotary actuator according to claim 11,
wherein the fixed rotor/ �stator surface spacing (66) is
on the upper and lower surface of at least one of said
at least two rotor lobes (70).

13. A hybrid rotary actuator according to claim 11,
wherein the fixed rotor/ �stator surface spacing (66) is
on the upper surface of at least one of said at least
two rotor lobes (70) and is on one of the lower surface
of an adjacent one of said at least two rotor lobes
(70).

14. A hybrid rotary actuator according to claim 9, wherein
said stator (40) comprises three lobes.

15. A hybrid rotary actuator according to claim 10,
wherein said stator (40) comprises four lobes and
said fixed spacing (66) is on two of said four lobes.

16. A hybrid rotary actuator according to claim 12,
wherein said stator (40) comprises four lobes and
said fixed spacing (66) is on the upper and lower
surfaces of two of said lobes (70) and said inclined
spacing is on the upper and lower surfaces of two of
said lobes (70).

17. A hybrid rotary actuator according to claim 13,
wherein said stator (40) comprises four lobes and
said fixed spacing (66) is on the upper surfaces and
said inclined spacing (64) is on the lower surfaces
of a first two of said lobes (70) and said inclined spac-
ing (64) is on the upper surfaces and said fixed spac-
ing (66) is on the lower surfaces of a second two of

said lobes (70).

18. A diverter assembly comprising a base (14), a gate
(12) rotatable with respect to the base (14), a first
rotary actuator (16) in accordance with any of claims
1 to 17 for rotating the gate (12) from an initial position
to a divert position and a second rotary actuator (16)
in accordance with any of claims 1 to 17 for rotating
the gate (12) to the initial position.

Patentansprüche

1. Hybrider Drehantrieb, wobei der Antrieb Folgendes
umfasst: �

einen Ständer (40), der wenigstens ein erstes
und zweites Polstück (42, 44) hat, die jeweils
wenigstens zwei sich in Axialrichtung erstrek-
kende Nocken (74, 80) haben,
wenigstens einen Läufer (48), der zwischen
dem ersten und dem zweiten Polstück (42, 44)
des Ständers (40) angeordnet ist, wobei der we-
nigstens eine Läufer (48) im Verhältnis zu dem
Ständer (40) gedreht werden kann zwischen ei-
ner unbetätigten Position und einer betätigten
Position, wobei der wenigstens eine Läufer (48)
wenigstens zwei Läufernocken (70) hat, die im
Allgemeinen zwischen den entsprechenden
sich in Axialrichtung erstreckenden Ständernok-
ken (74, 80) an jedem des wenigstens ersten
und zweiten Polstücks (42, 44) angeordnet sind,
wobei jeder Läufernocken (70) eine obere und
eine untere Fläche (92, 96) hat, die mit Zwi-
schenraum entfernt von den entsprechenden
Flächen (90, 98) an den entsprechenden Stän-
dernocken (74, 80) des wenigstens ersten und
zweiten Polstücks des Ständers (40) angeord-
net sind,

wobei die jeweiligen Läufernocken- und Ständernok-
kenflächen eine von zwei möglichen Konfiguratio-
nen definieren, wobei jede der Konfigurationen ent-
weder einen feststehenden oder einen veränderli-
chen Läufer-/Ständerflächenabstand während der
Drehung des Läufers (48) umfasst, und
eine Spule (36), die sich um wenigstens einen Ab-
schnitt des Ständers (40) erstreckt, wobei die Spule
(36) erregt werden kann, um einen Magnetfluss be-
reitzustellen, der während wenigstens eines Ab-
schnitts der Drehung des Läufers zwischen der un-
betätigten Position und der betätigten Position zwi-
schen dem ersten und dem zweiten Ständerpolstück
(42, 44) und durch den Läufer (48) hindurchgeht,
wobei wenigstens eine obere Läufernockenfläche
(92) einen veränderlichen Läufer-/Ständerflächen-
abstand (64) hat und wenigstens eine untere Läu-
fernockenfläche (96) einen feststehenden Läu-

17 18 



EP 1 189 246 B1

11

5

10

15

20

25

30

35

40

45

50

55

fer-/Ständerflächenabstand (66) hat.

2. Hybrider Drehantrieb nach Anspruch 1, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) nur an einer der oberen und der unteren Fläche
der wenigstens zwei Läufernocken (70) befindet.

3. Hybrider Drehantrieb nach Anspruch 1, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) sowohl an der oberen als auch an der unteren
Fläche wenigstens eines der wenigstens zwei Läu-
fernocken (70) befindet.

4. Hybrider Drehantrieb nach Anspruch 1, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) an einer der oberen Flächen wenigstens eines
der wenigstens zwei Läufernocken (70) befindet und
sich an einer der unteren Flächen wenigstens eines
der wenigstens zwei Läufernocken (70) befindet.

5. Hybrider Drehantrieb nach Anspruch 4, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) an der oberen und der unteren Fläche wenig-
stens eines der wenigstens zwei Läufernocken (70)
befindet.

6. Hybrider Drehantrieb nach Anspruch 4, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) an der oberen Fläche wenigstens eines der we-
nigstens zwei Läufernocken (70) befindet und sich
an einer der unteren Flächen eines benachbarten
der wenigstens zwei Läufernocken (70) befindet.

7. Hybrider Drehantrieb nach Anspruch 1, der ferner
ein Gehäuse (34) einschließt, wobei die Spule (36)
und der wenigstens eine Läufer (48) innerhalb des
Gehäuses (34) angeordnet sind, wobei das Gehäu-
se (34), der Ständer (40) und der wenigstens eine
Läufer (48) einen im Allgemeinen kreisringförmigen
Magnetkreis um die Spule (36) bilden.

8. Hybrider Drehantrieb nach Anspruch 7, der ferner
eine Welle (20) einschließt, auf welcher der Läufer
(48) für eine Drehung mit derselben angebracht ist,
wobei das Gehäuse (34) einen zylindrischen Gehäu-
seabschnitt (56) und zwei Endkappenabschnitte (58,
60) einschließt, wobei jeder der Endkappenab-
schnitte ein jeweiliges Polstück (42, 44) anbringt.

9. Hybrider Drehantrieb nach Anspruch 8, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) nur an einer der oberen und der unteren Fläche
der wenigstens zwei Läufernocken (70) befindet.

10. Hybrider Drehantrieb nach Anspruch 8, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) sowohl an der oberen als auch an der unteren
Fläche wenigstens eines der wenigstens zwei Läu-

fernocken (70) befindet.

11. Hybrider Drehantrieb nach Anspruch 8, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) an einer der oberen Flächen wenigstens eines
der wenigstens zwei Läufernocken (70) befindet und
sich an einer der unteren Flächen wenigstens eines
der wenigstens zwei Läufernocken (70) befindet.

12. Hybrider Drehantrieb nach Anspruch 11, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) an der oberen und der unteren Fläche wenig-
stens eines der wenigstens zwei Läufernocken (70)
befindet.

13. Hybrider Drehantrieb nach Anspruch 11, wobei sich
der feststehende Läufer-/Ständerflächenabstand
(66) an der oberen Fläche wenigstens eines der we-
nigstens zwei Läufernocken (70) befindet und sich
an einer der unteren Flächen eines benachbarten
der wenigstens zwei Läufernocken (70) befindet.

14. Hybrider Drehantrieb nach Anspruch 9, wobei der
Ständer (40) drei Nocken umfasst.

15. Hybrider Drehantrieb nach Anspruch 10, wobei der
Ständer (40) vier Nocken umfasst und sich der fest-
stehende Abstand (66) an zwei von den vier Nocken
befindet.

16. Hybrider Drehantrieb nach Anspruch 12, wobei der
Ständer (40) vier Nocken umfasst und sich der fest-
stehende Abstand (66) an den oberen und den un-
teren Flächen von zwei der Nocken (70) befindet und
sich der geneigte Abstand an den oberen und den
unteren Flächen von zwei der Nocken (70) befindet.

17. Hybrider Drehantrieb nach Anspruch 13, wobei der
Ständer (40) vier Nocken umfasst und sich der fest-
stehende Abstand (66) an den oberen Flächen be-
findet und sich der geneigte Abstand (64) an den
unteren Flächen von ersten zwei der Nocken (70)
befindet und sich der geneigte Abstand (64) an den
oberen Flächen befindet und sich der feststehende
Abstand (66) an den unteren Flächen von zweiten
zwei der Nocken (70) befindet.

18. Umleiterbaugruppe, die eine Basis (14), eine Pforte
(12), die in Bezug auf die Basis (14) gedreht werden
kann, einen ersten Drehantrieb (16) nach einem der
Ansprüche 1 bis 17, um die Pforte (12) von einer
Anfangsposition zu einer Umleitposition zu drehen,
und einen zweiten Drehantrieb (16) nach einem der
Ansprüche 1 bis 17, um die Pforte (12) zu der An-
fangsposition zu drehen, umfasst.
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Revendications

1. Actionneur rotatif hybride, ledit actionneur
comprenant :�

un stator (40), comportant au moins des premiè-
re et deuxième pièces polaires (42, 44), com-
portant chacune au moins deux lobes à exten-
sion axiale (74, 80) ;
au moins un rotor (48) agencé entre lesdites au
moins première et deuxième pièces polaires
(42, 44) dudit stator, ledit au moins un rotor (48)
pouvant tourner par rapport audit stator (40), en-
tre une position non actionnée et une position
actionnée, ledit au moins un rotor (48) compor-
tant au moins deux lobes de rotor (70), agencés
en général entre lesdits lobes du stator à exten-
sion axiale correspondants (74, 80) sur chacune
desdites au moins première et deuxième pièces
polaires (42, 44), chaque lobe du rotor (70) com-
portant des surfaces supérieure et inférieure
(92, 96) espacées de surfaces correspondantes
(90, 98) sur lesdits lobes du stator correspon-
dants (74, 80) desdites au moins première et
deuxième pièces polaires dudit stator (40) ;
lesdites surfaces respectives des lobes du rotor
et des lobes du stator définissant l’une de deux
configurations possibles, chacune desdites
configurations comprenant un espacement, un
espacement fixe ou un espacement variable des
surfaces du rotor/ �stator au cours de la rotation
dudit rotor (48) ; et
une bobine (36) s’étendant autour d’au moins
une partie dudit stator (40), ladite bobine (36)
pouvant être excitée pour fournir un flux magné-
tique passant entre lesdites première et deuxiè-
me pièces polaires (42, 44) et à travers ledit rotor
(48) au cours d’au moins une partie de la rotation
dudit rotor entre la position non actionnée et la
position actionnée, au moins une surface supé-
rieure d’un lobe du rotor (92) présentant un es-
pacement variable des surfaces du rotor/�stator
(64) et au moins une surface inférieure d’un lobe
du rotor (96) présentant un espacement fixe des
surfaces du rotor/�stator (66).

2. Actionneur rotatif hybride selon la revendication 1,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi uniquement sur une des surfa-
ces supérieures et inférieures desdits au moins deux
lobes du rotor (70).

3. Actionneur rotatif hybride selon la revendication 1,
dans lequel l’espacement fixe des surfaces du rotor/
stator (60) est établi sur les surfaces supérieure et
inférieure d’au moins un desdits au moins deux lobes
du rotor (70).

4. Actionneur rotatif hybride selon la revendication 1,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi sur la surface supérieure d’au
moins un desdits au moins deux lobes du rotor (70)
et sur une surface inférieure d’au moins un desdits
au moins deux lobes du rotor (70).

5. Actionneur rotatif hybride selon la revendication 4,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi sur les surfaces supérieure et
inférieure d’au moins un desdits au moins deux lobes
du rotor (70).

6. Actionneur rotatif hybride selon la revendication 4,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi sur la surface supérieure d’au
moins un desdits au moins deux lobes du rotor (70)
et sur une surface inférieure d’un lobe adjacent des-
dits au moins deux lobes du rotor (70).

7. Actionneur rotatif hybride selon la revendication 1,
englobant en outre un boîtier (34), ladite bobine (36)
et ledit au moins un rotor (48) étant agencés dans
ledit boîtier (34), ledit boîtier (34), ledit stator (40) et
ledit au moins un rotor (48) formant un circuit ma-
gnétique généralement toroïdal autour de ladite bo-
bine (36).

8. Actionneur rotatif hybride selon la revendication 7,
englobant en outre un arbre (20), sur lequel ledit rotor
(48) est monté en vue d’une rotation avec celui-�ci,
ledit boîtier (34) englobant une partie de boîtier cy-
lindrique (56) et deux parties de capuchon d’extré-
mité (58, 60), chacune desdites parties de capuchon
d’extrémité servant au montage d’une pièce polaire
respective (42, 44).

9. Actionneur rotatif hybride selon la revendication 8,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi uniquement sur une des surfa-
ces supérieures et inférieures desdits au moins deux
lobes du rotor (70).

10. Actionneur rotatif hybride selon la revendication 8,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi sur les surfaces supérieure et
inférieure d’au moins un desdits au moins deux lobes
du rotor (70).

11. Actionneur rotatif hybride selon la revendication 8,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi sur une surface supérieure d’au
moins un desdits au moins deux lobes du rotor (70)
et sur une surface inférieure d’au moins un desdits
au moins deux lobes du rotor (70).

12. Actionneur rotatif hybride selon la revendication 11,
dans lequel l’espacement fixe des surfaces du rotor/
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stator (66) est établi sur les surfaces supérieure et
inférieure d’au moins un desdits au moins deux lobes
du rotor (70).

13. Actionneur rotatif hybride selon la revendication 11,
dans lequel l’espacement fixe des surfaces du rotor/
stator (66) est établi sur la surface supérieure d’au
moins un desdits au moins deux lobes du rotor (70)
et sur une surface inférieure d’un lobe adjacent des-
dits au moins deux lobes du rotor.

14. Actionneur rotatif hybride selon la revendication 9,
dans lequel ledit stator (40) comprend trois lobes.

15. Actionneur rotatif hybride selon la revendication 10,
dans lequel ledit stator (40) comprend quatre lobes,
ledit espacement fixe (66) étant établi sur deux lobes
desdits quatre lobes.

16. Actionneur rotatif hybride selon la revendication 12,
dans lequel ledit stator (40) comprend quatre lobes,
ledit espacement fixe (66) étant établi sur les surfa-
ces supérieures et inférieures de deux lobes desdits
lobes (70), ledit espacement incliné étant établi sur
les surfaces supérieures et inférieures de deux lobes
desdits lobes (70).

17. Actionneur rotatif hybride selon la revendication 13,
dans lequel ledit stator (40) comprend quatre lobes,
ledit espacement fixe (66) étant établi sur les surfa-
ces supérieures et ledit espacement incliné (64)
étant établi sur les surfaces inférieures de deux pre-
miers lobes desdits lobes (70), ledit espacement in-
cliné (64) étant établi sur les surfaces supérieures
et ledit espacement fixe (66) étant établi sur les sur-
faces inférieures de deux deuxièmes lobes desdits
lobes (70).

18. Assemblage de déviateur, comprenant une base
(14), une porte (12) pouvant tourner par rapport à la
base (14), un premier actionneur rotatif (16) selon
l’une quelconque des revendications 1 à 17 pour fai-
re tourner la porte (12) d’une position initiale vers
une position déviée, et un deuxième actionneur (16)
selon l’une quelconque des revendications 1 à 17
pour faire tourner la porte (12) vers la position initiale.
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